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Abstract " 2018550 

FISRE remPQRCED Simmt. T WHWOKABPTP rrtTOSITE Mawn»« 

A structural thermoplastic composite material comprise, a laminate 
of a firet layer of « fibre reinforced th.nwf «™»M e ory.t.Ulne 
polymer composite and an adherent layer of a second thermof ormable 
polymer vhich ha. been applied to the fir.t layer at a temperature above 
the »«ltlng point of the polymer of the flr.t layer. The second polymer 
comprise, en amorphous polymer having a Tg vhich is at least 10»C lover 
than the Tm of the other polymer, vhich is cryatallisable in a 
subsequent annealing proce... and vhich ha. a peak cryst.lli.ation time 
of at least 1 minute. Such a material can be bonded to itself or to a 
different material by the adherent layer at temperatures belov the Tm of 
the matrix polymer. 



2018550 

•1- 



H35303 



10 



KE1NTOKCED STffTTf TITftAL THm«P M 8TIC CPMPnfiTTB MATERIALS 
This invention relate, to fibre reinforced structural thermoplastic 
composite materials and. more particularly, to such materials in a for* 
vaich may be joined together or to other structural materials, 
particularly those baaed on thermoplastics. 

There is a rapidly growing inter* at in the use of fibre reinforced 
thoracoplasties comp OB ite crisis as materials of construction because 
of the excellent physical properties inherent in fibrous materials such 
as glass, carbon, boron and alumina fibres. Production techniques have 
now been developed for impregnating these fibres, particularly vhen in 
the form of continuous rovings, with thermoplastics so that the 
nmltitudinoae individual filaments of the roving, are substantially 
completely vetted by the thermoplastics resulting in composites being 
obtained which maximise the effect of the presence of the fibre, in the 
compos**.*. By ensuring .ffeetive ^tting of the individual filaments, 
1 5 composites have been prepared from a variety of thermoplastic materials 
in vhich the contributions of the properties of the fibres and the 
thermoplastic materials have been maximised. The preparation of typical 
thermoplastic composites is described in EP-B- 56703 and EP-B-10215*. Of 
particular interest are the reinforced composites of polyarylethers 
(both amorphous and crystalline), especially polyetherVe tones and 
polyethersulphonss. The development of carbon fibre reinforced 
polyetheretherlcetcne composite materiel has shown premise of meeting the 
exacting requirements of a constructional material for the aerospace 
industry. 

*or a variety of reasons, such as the need to reduce costs and to 
fabricate lighter structures, it is becoming desirable to provide 
materials vhich can be conveniently joined together or to other 
materials of construction. Although by the nature of the 
thermoplastics materials they csn be joined together by the application 
of sufficient beat snd prsseure, this i. not a suit, ble technical or 
economical solution to the problem for many applications. 

The no in problems that arise result from those properties vhich 
give the composites their desirable properties. Thus, the problem is 
cue of joining materials vhich are exceptionally atiff and have a high 
volume content of reinforced fibres, usually continuous, colllmated 
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filaments. The high volume content of fibres results in relatively 
little polymer being available at the surfacsa o£ the work pieces to be 
joined. 

If" the conventional procedure of applying pressure .to 
h*«t- softened work pieces is employed so as to squeeze molten polymer to 
the surfaces, it is found that not only ore very high forces needed, 
particularly vhen blocks of substantial thickness need to be joined 
together, but the thermoplastic matrix vill tend to flow out of the 
edges of the vork pieces under compression, thus disrupting the 
disposition of the filaments within the block of. composite material. 
Also, because both vork pieces are heated to their respective melt 
temperatures, intricate bond Jigging is required to maintain the exact 
shape of the individual work pieces during heat up and cool down. 

Alternative procedures of applying adhesive layers on the surface 
1 5 of the vork pieces, which again are intended to be effective under heat 
and pressure, are similarly cumbersome and can be ineffective. If a 
thin layer of hot melt adhesive in applied at a temperature at which the 
polymer of the composite is not molten, it is found that it is not 
possible using any reasonable pressure to bring the surfaces into 
20 sufficiently good contact to obtain good bonding. This difficulty 
arisen because of the relatively imperxect nature of the surface 
flatness and the stiffness of the composite, 

A structural composite material has now been developed which is 
useful as a component material in larger structures enabling joining to 
25 be effected in an improved manner. The structural composite material is 
described and claimed in EP-A- 320135. vhich document i. incorporated 
herein by reference in its entirety. For convenience, a brief 
description of the structural compoeite material is hereinafter given. 

The structural composite material described in the aforementioned 
EP-A- 320155 comprises a laminate of a first layer of a fibre reinforced 
thermoformable polymer composite containing reinforcing filaments at 
least 501 by weight which have a length in excess of 3 mm and an 
adherent layer of a second thermoformable polymer, the adherent layer 
being applied to the first layer at a temperature above the melting 
point of the thermoformable polymer of the first layer. The second 
thermoformable polymer comprises either a crystalline polymer having a 
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melting point at least u*c belov that of the polymer of first layer; or 
It an amorphous polymer having a glass transition temperature vhich is 
at least 10*C lover than the melting point of the polymer of the first 
layer: or is an amorphous polymer vhich may be crystalliaable in a 
subsequent annealing process. 

A major advantage of the provision of such a structural composite 
laminate is that it is possible to join such elements together, by 
bringing together corresponding areas of the adherent layer on the vork 
pieces to be joined at a tenpersture .hove th. molting point or glaoe 
transition of the adherent layer but below the melting temperature of 
the polymer of the vork piece, ie the first layer. In this vay it ia 
possible to effect velding vith the major benefit of not diaturbing the 
orientstion of the reinforcing filsments in the structural composite 
layer. With preferred materials of construction, the Joint has the 
nature of a veld rather than a simple adhesive interface because the 
method results in molecular migration across the interface of the 
surfaces being Joined. 

The composite laminate may also be used to form structures in 
vhich it is used as a protective surfacing material or adherent layer is 
a protective layer; and it may be joined to other materials vhich are 
space-filling systems, such as honeycomb structures or foamed 
structures. Some thermoplastic materials form exceptionally good bends 
vith metals and. in appropriate cases, the laminate of the invention can 
be bonded to metals and other dissimilar materials such es thermoset or 
25 thermoplastic materials or other materials. 

When both of the polymers are amorphous, the service temperature 
of the material is limited by the Tg of the adherent layer vhich, of 
neceeeity, is lover than the Tg of the polymer of the first layer. For 
applications of the materials in vhich solvent resistance is a desirable 
property, at least the polymer of the first layer is crystalline. In 
either instance, the relevant property is enhanced if tbe polymer of the 
adherent layer is also crystalline. 

Purther improvements have nov been made in structural composite 
materials for such applications. 

According to the invention, a structural thermoplastic composite 
material comprises a laminate of a first layer of a fibre reinforced 
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thermoformable polymer composite containing at least 502 by weight of 
reinforcing filaments vhich have a length in excess of 2mm end an 
adherent layer of a second thermoformable polymer vhich has been applied 
to the firet layer at a temperature above the melting point of the 
thermoformable polymer of the first layer, the second polymer comprising 
an amorphous polymer having a glass transition temperature which ie at 
least 10*C lover than the melting point of the polymer of the firet 
layer and vhich is crystallisable in a subsequent annealing process, 
said second polymer being characterised by having a peak crystallisation 
tine of not less than about 1 minute. 

By a ' thermoformable polymer* is meant that the polymer should 
have sufficient nelt flov to permit the polymer to be shaped at an 
elevated temperature below the temperatures at vhich the polymer 
thermally degrades. Generally the polymer will be a true thermoplastic 
material, but the term includes thoee polymers vhich although of a 
thermosetting nature can exist as melts and retain sufficient melt flov 
to be shaped at elevated temperatures before cross-linking reactions 
render the polymer no longer melt procea.lhle or melt fusible. 

It should be noted that melting points and glass transition' 
temperatures can be depressed by the inclusion of certain additives such 
as plesticiaera snd solvents. When such materials are present the 
melting point or glass transition temperature are to be taken as that of 
the mixture and not simply the polymer component. 

Although the polyaere having a t c of about 1 minute, eg up to 10Z 
below 1 minute, it ie preferred that the second polymer has a peak 
cryptallioaticn time of «t least 2.3 minutes end, more particularly , of 
at least 4 minutes* 

The peak crystallisation time, t c> is determined by differential 
scanning calorijaetry (DSC) as described in an article by D K Blundell 
and B N-Osborn, Polymer, 1983, Vol 24, August. 

To obtain structural composite articles, either having good 
solvent resistance or to enhance the service temperature thereof, the 
Applicants have found that, by selecting a polymer having a relatively 
high peak crystallisation time for the second polymer, significant flov 
of the adherent layer can occur during a bonding operation to effect a 
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good bond before the second polymer attains e level of crystallinity. eg 
>10X, which would preclude such flov end the formation of a good bond. 

The second polymer can be one in which the t c is inherently 
relatively highs or, alternatively, it can be a polymer in which the t c 
h* 3 been increased to a U8 «ful level by the use of suitable additives. 

The polymer of the adherent lsyer can be made amorphous by 
quenching it. The whole of the structural composite material can be 
quenched to make the polymer of the adherent layer amorphous; or, 
alternatively, only the adherent layer itself need be quenched. The 
quenching can be effected by rapidly cooling the second paly*** 
typically at a rate of at least 10«C/minute, more usually at a rate of 
at least 20*C/minute or higher,, eg up to 100O°C/minute. 

As in many applications, the whole of the etructural composite 
material will be quenched and, consequently, will have its polymeric 
15 content in a substantially amorphous form, it is preferred that, when 
the polymer of the first layer ie crystalline, it has a relatively low 
peak crystallisation time whereby, as the material is heated up during a 
bonding operation, the polymer of the first layer rapidly achieves a 
level of crystallinity, eg >102, at which it is dimensionally stable. 
Accordingly, it in preferred that the polymer of the first layer has a 
t c of less than l minute, preferably less than 30 seconds and, more 
particularly, less than ID seconds. 

During bonding operations, it is preferred to heat the structural 
composite material at a rate of at least 10-C/minute, more preferably at 
25-' a rate of at least 20 c C/minute. 

The laminnte structurop o£ tho invention »r» particularly uocful 
when it is desired to produce an article having the known benefits of 
thermoplastic materials, including a tolerance to demage and 
environmental resistance, and particularly including a useful resistance 
30 to solvents. 

Additionally, structural composite laminateB in accordance with 
the invention can be used to repair structural articles which are made 
from fibre reinforced thermoformable polymers. In that instance, an 
adherent layer of an areal «»tent at loact eufficiant tc covor the aite 
35 of the damage is applied to an article and then a structural composite 
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«t.ri.l i. Join.d to that b, it . „ CO r re .pouding adherent 

layer. 

Structure composite article in accordance with th. Invention are 
preferably characterised b, having a lap , hear , trengtb „ 4etennined > 
ASTM B1002 of at least SHPa. 

It is preferred that the first layer of reinforced conpo.ite Is 
reinforced vith continuous, .u g „ e d fiiawnts. The production of 
suitable prepreg is described in CT-B-5«703 and EP.B-1021S* As 
d..crlb.d. „h.„ the unidir.etl.naUy r.inforc.d eoapo.it, prepreg 1, 
produced i» the for. of thin sheet it is suitable for laving up vi th tbe 
filaments la any required direction in the plane of the sheet Jay „p so 
that after consolidation under heat and pressure a reinforced sheet 
results. This composite is .nit.ble for use in forming the Waste of 
the present invention. 

The composite bod, of the first layer me, have beea fonned from a 
lay-up of prspreg reinforced vith unidirectional, continuous aiigaed 
fibres or a» 7 consist of imp r . gDI>ted vovca ^ ^ c<mtinuou<> 

sligaed fibres are present and aligned in more than one direction in the 
fabric, the poller impregnating the fabric to form the thermoplastic 
matrix. 



0 matrix 



Vhsn th. reinforcement in the first layer doe, aot ccnsiet of 
continuous, aligned filament, it i. preferred that the precursor for the 
reinforced material of the firet layer i, a material vhich ha. been 
obtained by impregnating continuous filament, to such an extent that the 

Jon 8 itndi„.l «««„! n&vlat o£ the eoapo , ite la ot leMt 7M 
preferebly at least 901 of that theoretically attainable, thereby 
indicating a high degree of vetting of indlvidu.l filament, by the 
thermoplastic polyaer. Sllch . Serial, if not used in the form of 
continuous aligned fibre, as indicated above, may be chopped into short 
length., for example from 3m» to 100a. long, and fabricated by , number 
of technique, into a reinforced composite sheet.. The advantage of such 
a procedure is that these veil vetted product, ma, be fabricated in 
processes vhich involve melt bomo 8 «i« iag tJl . p4llct ., vith , , urprl 
retention of the fHsment length of the original pellets. Suitable 
processes include injection moulding or extmsion. A preferred method 
for utilising the chopped product and retaining fibre length i. 
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extrusion of length. of reinforcB<1 proauct „ 6f ^ ^ ^ ^ 

Stan, int o .» open ch^nber. Thie operation give. rise to a reinforced 
structure containing exten.ive voiding a. . result of the relatively 
long fibres relating on emergence from the die. Compression of thi. 
5 foaa give, rise to sn article obtaining r.ndomly dispersed, individual 
filaments of lengths not greatly reduced vith respect to the length of 
the original pellets. By thi. procedure it i. relatively e.„ to obtain 
article, containing filaments at least SOX by velght vhich are at least 
3m long snd generally at least IQaa long. 
10 suitable polymer, for the first layer of the laminate include 

crystalline polymer, derived from propylene, polyeet.rs. including 
polyestere capable of forming anisotropic melte. polyeaides end 
crystslllne polyarylethers. particularly poly.therketone. polyether- 
ketoneketone and polyetheretherkerone. snd others snd amorphous polymer. 
15 such as polyethereulphene. and others. 

The second polymer, as previously .tated, has a Tg of at least 
10-C below the melting joint of the first layer polymer, but preferably 
it i« at lea.t S0»C and w „ t preferably at lea.t iOO-C, belo. that 
melting point. Additionally, vben the polymer of the first layer ie 
crystalline, the Tg of the second polymer is preferably greater than the 
Tg of the polymer of the first leyer. 

The polyrner of the adherent layer may be unreported or ma, have 
similar reinforcement to that of the first layer depending on the 
application envisaged for the laminate. Vhether or not it contains 
reinforcing fibres it may contain additive, for specific purpose. 8uc h 
c for i^r^ng tk erM i .t.bility, particulate additives for 
controlling stiffnea, end shrinkage or fire retardants. 

Polyarylethers and copolymer, thereof can be cho.en to provide the 
nectary difference in siting point end to have the nece.e.ry tc'a. A 
particularly useful combination of compatible high perforce poly^r ' 
material, are the the polyetheretherketone describe in EP-B-187« for 
the polymer of the first layer end the polyarylethers described in 
EP-A-323076 for the sdherent Isyer. The former material, have the 
repeat unit 
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«nd generally have higher melting point but a lover glass transition 
temperature than thee typical of EP-A-323076 which contain repeating 
unita of the structure 

2A - Ph - CO - Ph* - CO - Ph - 

» 

together with units of the structure 

12 - Ar - 

where in t- 

1A and IB are linked through ether linkages* 

Ph is 1,4-phenjleae; 

Phi ic l t 3-phon 7 lcne ; cad 

The polymer, containing repe.tiag unit. U ,nd IB have relatively high 2 
t c -s but the t c of any given polymer can he sensitive to the presence of 
nucleating agent, end euit.bly pore monomer, have to be need in their 
preparation. 

Suitable polyarylethersulphonee are described in tr-A-2338eS. 
If poe.ible, the particular combination of first layer polymer and 
adherent l.y.r poller eheuld be cbo.en rtth maxima compatibility in 
mind. Whether or not. the polyaer of the fir.t layer end the adherent 
Layer are compatible ie determined by Aether e blend of the two 
polymers exhibit, a single peak characterietic of the gleee transition 
temperature vhen examined by (DSC). 

The adherent layer may comprise a polymer blend. 
The edherent layer may be applied to the fibre reinforced 
composite in . number of vaye. for example, preformed film, of a 
.uit,M« .<a. r .nt pely^r m., b. applied on a surface of the composite 
material. Such film. Ill be typlc.ll, of the order of 30 to 200 
micron, thick end will be consolidated onto the composite by pressure 
vtil.t the composite i. at a. temper.ture .hove the melting point of the 
matrix polymer of the coapo.ite at leaet at the surface of the compo.ite 
in contact with the adherent layer.' Surpri.in.ly. «, find th«. i.". 
tendency for fibre, to migrate into the adherent layer during this 
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process. Ve believe this may be a significant factor la establishing 
good bond strength. 

An adherent layer may also be applied from solution vhere the 
polymer is soluble in a convenient solvent, prior to the solvent being 
volotili oc d and the temperature of th« composite, at least in the 
regions contacting the applied film, being raised above the melting 
point of the polymer of the composite, 

Vhen the reinforced composite is a body of material formed from a 
lay-up of unidirectionally reinforced prepreg layers, vith the fibre 
orientation of the successive layers positioned so as to provide 
quaei-isotropic reinforcement, it is convenient that the adherent layer 
is itself a reinforced prepreg layer, preferably a unidirectionally 
reinforced prepreg layer, bonded to the composite body by consolidation 
under heat and pressure, the conditions being sufficient to melt at 
15 least the surface layer of the composite body in contact vith the 

adherent prepreg composite layer. The adherent prepreg composite layer 
may beve been produced by the sane type of impregnation processes ae the 
prepregs in the bulk composite body, for example using the procedures 
described in EP-B-56703 and EP-B-102159. 

The structural composite materials of the invention with their 

™l*-bended adherent layer con be bonded to each other or to other 
structural materials at temperatures lover than those which vould cause 
melting of the polymer of the composite body. The joining. procedure is 
typically carried out in a press, an autoclave or locally welded vith 
hot blocks or automated velding equipment (induction or convection heat 
sources). The bended article is handleable after the adherent layerfs) 
has achieved a level of crystallinity at vhich for practicable purposes 
it is solid. The bonded article can, if necessary, be subjected to a 
further annealing proce*., either as a part of the bonding process or 
subsequent to the bonding process, to fully develop the crystallinity of 
the polymer of the adherent layer and, if necessary, of the polymer of 
the first layer. 

At the stage of making the bond, it is desirable to protect the 
adherent layer from degr a da tioa-pr emoting agents such as oxygen in air. 
catalytic metals etc and to avoid excessive dvell at the bonding 
temperature. This ability to effect joining at temperatures vhich do 
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not require the vhole polymer of the composite to be molten is a 
substantial advantage in avoiding the need for lengthy holding times at 
the bonding temperature particularly vhere the composite body is large 
in dimensions. 

Surprisingly, although the method o* the Invention do», »ot 
require remelting of the polymer of the reinforced composite bodies to 
be joined, exceptionally good bond strengths can be obtained. It is 
possible to achieve a bond strength which is at least 702 and usually at 
least 80J of the shear strength of the bulk composite material being 
joined. It is not unusual to find in the bond strength testing that the 
bond is stronger than the bulk composite material, i.e. the fracture 
line pusses through the composite rather than along the interface 
between the joined bodies. 

Another particularly useful aspect of the invention is that the 
15 bond line thickness can be manipulated by interposing additional films 
of the poly»mr u.ed in the adherent layer between' the components to be 
joined. Such manipulation is particularly useful for ensuring the gap 
between the components is properly filled, psrticularly when fabricating 
large structures the components for which may have a. relatively large 
variation in dimensions over the surfaces to be joined. In this 
instance, the bonding can be monitored by monitoring th* -fillat- of 
excess polymer being squeezed from between the components. When the 
fillet stops growing, -high spots' on the components are in contact with 
one another. 

25 A particularly useful aspect of the present invention is that 

because controlled cooling is not necessary in order to retain the 
properties of the composite, procedures of joining in which the join can 
be made by successively making joins of small area relative to the total 
area to be joined until the total area has been joined. This enables 
joining to be effected over large area work pieces for which no suitable 
pressing or automated welding equipment is available. Joins which could 
not be m*d« by atopl* preying between opposing plates because of the 
geometry of the work piece s can also be effected in this maimer. 
Typically, the successive joining can be effected using an induction 
heater with pressure which ia indexed to successively cover the whole 
area required to be joined. 
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The laminetea of the invention are effective when used in a 
process in which the adherent layer ia a structural foam or ia caused to 
foam as pert of the adhesion procasa vhen the laminate is Adhered to 
other members. This procedure is particularly uBefol vhen the member to 
5 which the laminate ia to he bonded ia a honeycomb material. 

The invention ia further illuetreted with reference to the 
following Examples and to the accompanying drawing which is a graph of 
t c v temperature <'C) on a logarithmic ocele. 

EXAMPLE 1 

10 Sixteen pliea (each 50mm x 150mm) of a reinforced thermoplastic 

prepreg obtainable from Imperial Chemical Industries PLC aa 'Victrex' 
APC 2 and consisting of 681 by weight of uniaxially aligned carbon 
fibres in a matrix of polyetheretherxetohe <F£EK) polymer (Tg - 143°C: 
ro-343"C:t c approximately 0.1 minute - see curve 1 on the graph) were 

15 laid up in a unidirectional configuration. An additional layer of a 

lOO^m film of a 50t5O copolymer of unite IA and IB above <Ax being Ph 2 ) 
(Tg - 160°C: Tm - 305«C; t c approximately 5 minutes - see curve Z on the 
graph) was laid on top of the laid up prepreg material. The material 
wes placed in a corresponding picture frame, and sandwiched between 

20 glazing plates which bad been coated with mould release agent. This was 
then placed in a hydraulic press with a temperature of 385*C. A hsat up 
time of 10 minutes at a pressure of 0.1* MPa <20 psi) and consolidation 
time of 5 minutes at 0.69 MPa (100 psi) were used. The mould was then 
traneferred to a eecond prase at a temperature of 10*»C F where the mould 

20 was cooled at a rate in excess of 100°C/minute to room temperature. 

Two strips of material 100mm x 25mm were cut from thla panel and 
were arranged in a mould such that copolymer surfaces were facing each 
other with an overlap of 12.5«o. This mould was placed in a press at 
315°C for 15 minutes at a pressure of 3.45 MPa (500 psi). The press was 

25 then cooled at a rate of 10°C/min to ambient. 

The resulting test piece wsb subjected to a standard tensile lap 
*h««r test (ASTM D1002) using a cress hoed Cp + 9 4 c f i Strengthe 
of the order of 60 MPa (av. of 5) were achieved. 

Examination of the bond region revealed that fibres had migrated 

30 into that region. 
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EXAMPLE 2 

The procedure of Example 1 was repeated except in that a bonding 
temperature of 275"C vns used. Lap 0 *«r strength of 10 to 15 HPe vere 
obtained. Again, fibres were found to have migrated into the bond 
region. 

EXAMPLE 3, 

The procedure of Example 2 was repeated. The test piecee were 
immersed in dichlorome thane at room temperature for 24 hours. Up shear 
strength of 10 to 15 MPs were obtained indicating that the solvent 
appeared to have had substantially no affect on the bond. 

EXAMPLE 4 

Sixteen plies (each 50mm x 150mm) of the APC 2 prepreg were laid 
up in a quesi-isotropic configuration, the orientation of the fibres in 
each layer being arranged as followej- 

15 0,45,90,-45,0,45, 90,-45,-45,90. 45, 0,-45, 90, 45,0. 

An additional layer of a lOOjus film of the 50:50 copolymer of units U 
end IB shove (Ar being Ph 2 > similar to that used in Example 1 va 3 laid 
on top of the laid up prepreg material. 7he material was pieced in & 
corresponding picture frame, and sandwiched between glazing plates which 
had been coated vith mould release agent, Thie was then placed in a 
hydraulic press with a temperature of 390 t, C. A heat up time of 10 
minutes with the platens just in contact with the mould surfaces was 
allowed followed by consolidation for 5 minutes at 0.69 MPa (100 psi). 
The mould was then transferred to a second press in vhich the mould was 
cooled «t « rare ±n exceed of 20 °C /minute to room temperature. 

Teat specimens were prepared and tested as described in Example 1 
using a bonding temperature of 310*C. An average lap shear stress of 
27.0KPa (l.SSMPa) being achieved, the figure in brackets being the 
standard deviation. Again, examination of the bonded material showed 
fibre migration into the bond region. 
EXAMPLES 5-16 

The procedure of Example 4 was repeated at a variety of bonding 
temperatures and subjecting acme of the teot pieces to solvent prior to 
testing. Additionally, the t c of the polymers used for Examples 7 to 16 



20 



25 



'30 



35 



2018550 



H2S305 



"8 9 approximately 1 minute. The results are Mimmarieed in 7abie 1 below 
vhich also includes the results of Example 4. 



EXAMPLE HO 



TABLE I 

BONDING TEMPERATURE 
°C 



LAP SHEAR STRESS 
MPa 



10 



15 



20 



25 



30 



4 


310 


27.0 (1.96) 


5 


290 


12.27 (1.5) 


6 


310 


24,1 (6,3) 


7* 


310 


24.2 (2.9) 


82 


310 


23.9 (6,1) 


9 


280 


8,7 (1.2) 


10 


285 


9.0 (0.8) 


11 


290 


9.7 


12* 


290 


9.0 


132 


290 


9.0 


14 


295 


9,3 (2.6) 


15 


300 


9.8 (0.7) 


16 


220 


5.0 



1 The test pieces vere immersed in dichlorome thane for 24 hours at 
ambient temperature and then dried in a vacuum oven for 24 nours 
at 50°C prior to testing. 

2 The test pieces vere immersed in de-ionised water for 24 hours at 
100°C end then dried in a vacuum oven for 24 hours at 50°C prior 
to testing. 

In all of those Examples, examination revealed fibres had migrated 
into the bond region. 

EXAMPLE 17 fCOHPARATTVg) 

The procedure of Example' 4 va B repeated except that the adherent 
layer was made of a polymer of the type defined in EP-A-278720 
(Tg - 151'Cx Tm * 312 6 C; t c approximately 20 seconds). Attempts vere 
made to bond the test specimens at 310<X but^no bonds developed. 
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CLAIMS 

1. A structural thermoplastic composite material comprising a laminate 
of a first layer of a fibre reinforced thermcformable polymer composite 
containing at least 502 by weight of reinforcing filaments vhich have a 
length in excess of 3ma and an adherent leyar of a eaccnd thormef crmahl* 
polymer vhich has been applied to the first layer at a temperature above 
the melting point of the thermof ormable poller of the first layer, the 
second polymer comprising an amorphous polymer having a glass transition 
tempersture vhich is at least 10-C lover than the melting point of the 
polymer of the first layer and vhich in crystallieable in a subsequent 
annealing process, said second polymer being characterised by having a 
peak crystallisation time of not less than about 1 minute. 
2. A composite material according to claim 1. vherein the second 
polymer has a peak crystallisation time of at least 2.5 minutes and, 
more particularly, of at least a minutes. 

3- A cc« P caite material according to claim i, vherein tbe polymer of 
the first layer is a crystalline polymer preferably having a pea* 
crystallisation time of lass than 1 minute, preferably less than 30 
seconds and, more particularly, less than 10 seconds. 
4. A composite material according to claim 1 vherein the first layer 
of fibre reinforced thermoformable composite la re info red vith 
continuous, aligned filaments. 

3. A composite material according to claim 1 vherein the polymers are 
poiyarl 7 Bthere. 

€. A composite according to claim 1 vherein the polymer of the first 
layer is a polyetheretherketone containing units of formula 

-O-Fh-O-Pa-cO.Fh- 

and the polymer of the second layer is a polyaxylether containing unita 
of formula IA and IS 

IA - Fh - CO - Phi - CO - *h - 



IB 

vherein: - 



- Ar - 
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IA and IB are linked through ether linkages i 

Ph is 1,4- phenyl one j 

fbX ia 1, 3 - phenyl ene? and 

Ar ia Ph 2 or Fh 3% preferably Ph 2 . 

7. a composite material according to claim 1 vherein the adherent 
layer is reinforced with continuoua. aligned filament*. 

8. A structural composite article being characterised by comprising 
at least two structural composite materials according to claim 1, 
respective adherent layers of said materials comprising a bond between 
said material*. 

9. A structural composite article being characterised by comprising 
a different structural material to at least one aurface of which the 
adherent layer of a structural composite material according to claim 1 
is bonded, 

10. A structural compeaite article according to claim 6 or claim 9 
characterised by having a lap shear strength as determined by ASTM D1002 
of at leaet 5MPa. 

11. A method of forming a structural compooite material suitable as a 
component for forming larger structures being characterised by 
comprising providing first layer of a fibre reinforced thermoformable 
polymer composite containing at least 501 by weight of reinforcing 
filaments which have a length in eacess of 3mm f applying an adherent 
layer of a second thermoformahle polymer, heating the adherent layer and 
at least an Adjacent part of the polymer of the first layer to above the 
melting point of the polymer of the first layer and quenching at least 
the adherent layer, th. .oco»d polymer comprioing «» cuaorphoue polymer 
having a glass transition temperature which is at lea.t 10"C lover than 
the melting point of the polymer of the first layer polymer, being 
crvstallisable in a subsequent annealing process and having a. peak ' 
crystallisation time of not leas than about 1 minute. 

12. A process of forming a structural composite article which includes 
at least one component comprising a structural composite material 
according to claim 1 being characterised by comprising joining aaid at 
least one component to a ,« CO x,d component vhich comprise a ,txuctuxal 
material whilst the adherent layer is melted but at a temperature below 



~ 16 * H35303. 

2018550 

th. siting polat of th. th.ra.fora.bX. pox^r of th. fir.t X.,.r .ad 

• XXoving th. .ecood poller l0 ery.taXiX... 

«. A proc... for r,p. lrlBg . ttxvnanl tneraep j 4 , tle 

CM... . fibr. reinforced tb.rnofora.bX. pox,™ x. ehar.ct.ri..* b, 

Wng „ are4l „ t .» t „ le „ t >uf£lclw ^ eaid ^ 

"Id iay.r X, a ..eond th.raofera.bX. P oX,a.r eonpri.ing .» aaorrhou. 
poiraer b.Wng . 8 i„. tran.itioa tKBpertture ^ if >t Um lo . o 
iover tb.« th. aeXting poXnt of th. poX^r of th. fir.t Xay.r poXyaar. 

n !?. erT ; t ' 111 " bl,> ln - tob ^«« —.Xing proc, and ha, . P e. k 
cry.teXXi.atioa ti« „ f oot 1# „ ^ tbout x aliMi> hMting ^ » 

adherent Xay.r and the adjacent regioo of th. articie to . temperature 
.hov. th. aeXtXng point of th. poiyaer of th. .rtiel., eooXing at ic..t 
th. adherent Xayer at . rat. .officiant to en.ur. it i. in it. aaorphou, 
fern and. in . .ub.eooeot .tap, joining to th. adherent layer a 
cerre.p.ndio, .dh.r.nt layer of a ,t„ct»ral eoapo.it. aat.riai 
according to cX.i» X. ,.Xd Joiaing h.ing affected vhii.t .aid adherent 
layer, are molten but at a teaj.r.tur. beXoe the melting point, of th. ' 
poXyaer of th. artici, and th. .tructur.X coapo.it. nateriaX and- 
incIoding_t h , ,t fp of aXXc-ing th._ ,.cond joiner to c ry.t.lli... 
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